Background-Homeless youth are at high risk for HIV infection as a consequence of risky sexual behavior. Interventions in homeless youth are challenging. Assessment of the effectiveness of interventions to modify sexual risk behaviours for preventing HIV in homeless youth is needed.
background, delivery method, dosage (number of sessions,) content and outcome assessments. Overall, the variability in delivery and outcomes precluded estimation of summary of effect measures. We assessed the risk of bias to be high for each of the studies. Whilst some effect of the interventions on outcome measures were reported, heterogeneity and lack of robustness in these studies necessitate caution in interpreting the effectiveness of these interventions.
Authors' conclusions-The body of evidence does not permit conclusions on the impact of interventions to modify sexual risk behaviour in homeless youth. More research is required. While the psychosocial and contextual factors that fuel sexual risk behaviours among homeless youth challenge stringent methodologies of RCT's, novel ways for program delivery and trial retention are in need of development. Future trials should endeavour to comply with rigorous methodology in design, delivery, outcome measurement and reporting.
Plain language summary
Ways to reduce risky sexual behavior in homeless youth to prevent HIV There have been a limited number of rigorously conducted interventions to modify the sexual behavior of homeless youth 12-24 years of age to prevent them acquiring HIV. More research is required to identify effective strategies for this population. In this review we systematically searched published and unpublished accounts of interventions that had been rigorously tested. We found three eligible independently conducted randomised controlled trials testing three different interventions, all conducted in the United States, amongst a total of 615 homeless, male and female youth that tested three different interventions. Due to the variability in fidelity of delivery of interventions and in outcome measurement and reporting, we were unable to aggregate outcomes to estimate summary of effect measures. The significant risk of bias associated with the three included studies and their heterogeneity necessitate caution in interpreting the effectiveness of interventions to modify sexual risk behavior for preventing HIV in homeless youth. While studies along homeless youth are highly challenging, future trials should endeavour to comply with rigorous methodology in design, delivery, outcome measurement and reporting and consider the changing face of homeless youth and HIV prevention tools.
Background
Although youth is generally considered the healthiest phase of life, it is also a time of exploration and experimentation, with sexual identity and sexual practices and behaviours being major areas of development and change. Youth (aged 15-24 years) comprise about 18% (1.2 billion) of the global population of around 6.7 billion people (United Nations 2007). The unique biopsychosocial changes associated with this age group result in disproportionate risk of HIV infection. Youth, therefore, are at the centre of the human immunodeficiency virus (HIV) pandemic (Ross 2006 , Doyle AM 2010 , but while estimates of the HIV burden of disease in adults (15-49 years) are routinely made, it is more difficult to gauge trends in the HIV disease burden amongst youth due to legal, ethical and moral constraints.
One of the most vulnerable groups is homeless youth, many of whom are forced by circumstance to engage in a variety of risky behaviours and who often are least likely to seek and/or have access to HIV prevention counselling, testing, and care. Unique strategies and interventions to reduce HIV acquisition sexually and through recreational drug use in this vulnerable group therefore may be necessary.
The focus of this review is to evaluate and summarize the effectiveness of interventions for preventing HIV by modifying sexual risk behaviours in homeless youth.
Definition of terms
The terms "youth," "adolescent/teenager," and "young adult" are often used interchangeably but at the same time are context and culture specific. Since 1985 (International Youth year), the United Nations has referred to people between the ages of 13 and 19 as teenagers and between the ages of 20 and 24 years as young adults; youth are defined as being between 15 and 24 years of age. It is estimated that in 2004, half of all HIV infections occurred in youth, and about 98% of the 10 million youth living with HIV/AIDS worldwide were in middle-or low-income countries (UNAIDS 2004) . For the purposes of this review we adopted a definition of youth being between the ages 12 and 24 years (inclusive).
The term "homeless youth" refers to a wide variety of young people (i.e. runaway, throwaway, unaccompanied, street, and systems youth). Various countries have developed their own definitions of "homelessness" among youth. These are often linked to the reason for their homelessness, with youth often emphasizing the throwaway and parents the runaway justification (Hammer 2002) . A runaway is a youth who is away from home without the permission of parents or guardians; a throwaway is a young person who was asked to leave home by either parents/guardians or adults in the household (Hammer 2002) . Girls seem more likely to be runaways (Hammer 2002) because of sexual abuse (Cauce 2000) while boys are more likely to be throwaways, possibly because of a greater likelihood of deviant behaviour (Moore 2006).
The term "street youth" can refer to homeless youth who live in high-risk, non-traditional places, such as under bridges, in abandoned buildings, and on the street, or to those whose lives are focused on the street (i.e., youth spending most of their time on the street and fending for themselves) but return to their homes on a regular basis. It should be noted that reference to the word "street" when discussing homeless youth is considered derogative by some investigators (Panter-Brick 2002) . Street youth can be defined further in terms of context:
• Street-living -youth who ran away from their families and live alone on the streets
• Street-working youth who spend most of their time on the streets and fend for themselves but return home on a regular basis
• Street-family -youth who live on the streets with other (unrelated) street youth as a group.
In addition, many street youth may be youth who have no family as a result of AIDS related deaths in parents and other family members. This population of street youth is of growing importance in areas of high HIV prevalence.
Systems youth on the other hand are considered to be linked to government systems, such as juvenile justice or foster care, and are homeless due to abuse, neglect, or family incarceration or homelessness (Moore 2006). When a systems youth become homeless it is often because they have run away from a home placement or because the placement failed to provide a stable living environment (Moore 2006). In addition, a common reason for a youth becoming homeless in the USA is ageing out of the youth foster care system. Against this background, it is clear that homeless youth are a heterogenous group with unique contexts and needs. The hidden and transient nature of homeless youth make it difficult to estimate their numbers (Raleigh-DuRoff 2004) , primarily, among other reasons because service providers and concerned adults attempt to "protect" youth from police and social services (Kidd 2004; Taylor 2004 
Why it is important that interventions in this population be reviewed?
Homeless youth are highly vulnerable to HIV acquisition and transmission regardless of whether they live in a country with a focussed or a generalized epidemic, as they live lives of heightened personal and social risk often marked by violence, victimisation and human rights abuses (Boivin 2005; Greene 1997; MacLean 1999; Ramphele MA 1997; Ribeiro 2001) . As a group, they lack the economic, social, and emotional resources to provide for their basic needs, such as adequate sleep, clothing, shelter, and nutrition, which has dire consequences for their physical and emotional health (Van Wormer 2003) . Studies have indicated that homeless youth have significant health risks related to sexual behaviour and substance use and linked to increased risk for HIV/AIDS and other STIs (Anarfi 1997; Baybuga 2004; de Carvalho 2006; Richter 1995; Walters 1999) . In a review of 52 studies of the health of street youth in industrialized countries, these youth had higher rates of hepatitis B, C, and HIV than their non-street peers (Boivin 2005) . Homeless youth, therefore, are of particular importance as a population at high risk for acquiring HIV infection. Knowledge of sexuality (Gatu 2000; Richter 1995) and HIV/AIDS among homeless youth is generally inadequate and not translated into preventive behaviours (Baybuga 2004; Bernier 1995; Gatu 2000; Robinson 2001; Snell 2002) . Homeless youth are highly vulnerable to engaging in unprotected survival sex to meet their basic needs and/or feed a drug habit (Bernier 1995; Walters 1999) and are subject to rape (Swart-Kruger 1997) . Because of their psychosocial and contextual environments, they also are highly likely to have multiple sexual partners (de Carvalho 2006; Poulin 2001; Richter 1995; Roy 2000; Swart-Kruger 1997; van den Hoek 1997) . Most are poorly equipped to combat sexual threats, as reported in an ongoing study of Montreal street youth, where only 13.2% of participants reported always using condoms during vaginal intercourse, and only 32.4% reported always using condoms during anal intercourse (Roy 2000) . Homeless youth are more likely to engage in self-destructive behaviours, including suicide attempts, substance abuse (especially alcohol) and injecting drug use, than are other youth (Rew 2001; Ringwalt 1998; . Suicide and drug overdose were reported to be two primary observed causes of mortality among homeless youth in a Canadian study . The engagement in self-destructive behaviours is linked to psychological triggers, such as post-traumatic stress disorder (Cauce 2000) , low self-esteem, and feelings of loneliness and hopelessness (Boivin 2005) . These factors in turn accelerate and perpetuate the cycle of HIV vulnerability. In addition to traditional risk factors for HIV acquisition such as injection drug use, sharing needles, sexually transmistted infections or lack of condom use, having no place to live or being an orphan are independently associated with higher HIV prevalence in street youth (Kissin 2007 , Robbins 2010 .
Because they are marginalized and underserved, homeless youth do not have adequate access to social and health services, including health education (Baybuga 2004; Snell 2002 This review will identify and allow lessons learned from effective interventions to guide the development and implementation of future HIV-risk reduction, behavioural modification interventions for homeless youth.
Objectives
To evaluate and summarize the effectiveness of interventions for modifying sexual risk behaviours and preventing transmission of HIV/AIDS among homeless youth
Methods

Criteria for considering studies for this review
Types of studies-Randomised controlled trials that have evaluated the behavioural effects and, where possible, the biological outcomes (e.g., STIs and HIV infection) of interventions for HIV prevention in homeless youth were included.
Types of participants-For the purposes of this review we included all homeless persons between the ages of 12-24 years (inclusive) regardless of HIV status, location, reason for homelessness, or gender. This definition is inclusive of homeless young people/adults, adolescents/teenagers and youth. A homeless youth is a person who lacks a fixed, regular, and adequate nighttime residence; and is an individual who has a primary nighttime residence that is:
a. a supervised publicly or privately operated shelter designed to provide temporary living accommodations (including welfare hotels, congregate shelters, and transitional housing for the mentally ill);
b. an institution that provides a temporary residence for individuals intended to be institutionalised; or c. a public or private place not designed for, or ordinarily used as, a regular sleeping accommodation for human beings (US Code Title 42).
Interventions amongst systems and street youth (see Background) were encompassed by the terms "homeless", "runaway" or "throwaway" and were potentially eligible for review.
Types of interventions-Any type of intervention including behavioral, social, policy, structural, or other interventions explicitly aimed at reducing sexual risk behavior in homeless youth was included. Interventions delivered to individuals, small groups, or entire communities were eligible. Mantell has described the components an intervention should have to be termed a behavioural, social, policy, or structural intervention (Mantell 1997 ).
An intervention has a behavioral component if it aims to change individual behavior without an explicit attempt to change peer or social norms that may influence a person's behavior. It tends to emphasize individual and small-group approaches and includes psychosocial/ cognitive interventions. Examples include one-on-one interventions (e.g., HIV counselling and testing, notification assistance, support, peer interventions, role plays, tabling, AIDS hotline, HIV prevention technology); single event interventions (e.g., theatre, drama, video presentation, home risk-reduction parties), and multi-session interventions (e.g., skillsbuilding and problem-solving workshops, training programs).
An intervention has a social component if it aims to change individual behavior by explicitly attempting to change peer or social norms that may influence a person's behavior. Examples include outreach interventions, engaging opinion leaders as educators, community mobilization, ethnographic interventions, small media-based interventions (e.g., using videos, brochures, pamphlets, newsletters, posters, and other print material), mass mediabased interventions (e.g., using television, radio, films, talk-shows, news casts, soaps, videos, music, posters, billboards, and public service announcements), community-based interventions using existing family networks/creating new social networks.
An intervention has a policy component if it aims to change individual behavior or peer/ social norms or structures that may influence a person's behavior through administrative or legal decisions. Examples include mandatory HIV/AIDS education in all schools within a district.
An intervention has a structural component if it aims to change individual behavior by making changes in people's environment. Examples include providing condom dispensers in bars and accompanying girls home from school to ensure their safety.
Interventions may contain any or a combination of these components. These mixed interventions will be reported as such. Reviewers' handbook in combination with terms specific to "sexual risk" AND "behaviour" AND "homeless" AND "HIV" AND "youth"; the full search strategies are shown in Appendices.
Types of outcome measures-Outcome
Other
Grey Literature: The abstracts of relevant conferences, including the International Conferences on AIDS and the Conference on Retroviruses and Opportunistic Infections, as indexed by AIDSearch and/or Gateway, were reviewed. The publication websites of the World Health Organization, UNAIDS, CDC, and UNICEF were checked for references to technical reports or similar items that may relate to this topic and the reference lists of technical reports from UNAIDS were also searched.
Reference Lists: The search strategy was iterative, in that references of eligible studies were searched for additional references. Existing meta-analyses were reviewed and the reference lists checked for further articles. The reference lists of all review and primary publications identified were searched.
Correspondence: Researchers involved in HIV prevention were contacted for published and unpublished data and relevant information. Authors of potentially eligible trials were contacted for additional information, as appropriate.
Clinical Trial Registries:
The following clinical trial registries were searched using terms describing homeless, HIV/AIDS, sexual behavior: clinicaltrials.gov and WHO International Clinical Trials Registry Platform. We also searched clinical trial registries using the author names of each potentially eligible study to identify additional studies they may have been, or may currently be actively involved in.
Data collection and analysis
Selection of studies-See also Figure 1 .
The titles and abstracts of all studies identified by electronic searches were screened by two independent authors (VN and AM) to shortlist studies for possible inclusion in the review. Full manuscripts of short listed studies were obtained and scrutinized independently by two reviewers (VN and AM) to establish eligibility based on design, participants, intervention and outcomes reported. Neither author was blinded to the names of authors, institutions, journal of publication or results. Disagreements were handled initially by discussion between reviewers and if no agreement resulted, a third reviewer (QAK) was consulted.
Data extraction and management-Data from eligible studies were extracted by two independent reviewers (VN and AM) onto standardized data collection forms and entered into Revman 5.0.24.
Assessment of risk of bias in included studies-The methodological rigor of the studies was independently assessed by two reviewers using the Cochrane Collaboration's tool for assessing risk of bias to assess the risk of selection, performance, attrition, and detection bias. Briefly, the following domains were evaluated and rated as "adequate," "inadequate," or "unclear": sequence generation; allocation concealment; blinding of participants, personnel, or outcome; incomplete outcome data; selective outcome reporting; and other sources of bias.
Measures of treatment effect-For RCTs, we attempted to calculate the RR for dichotomous outcomes and the 95% CI. For continuous data we aimed to calculate a weighted-mean difference. Due to the significant heterogeneity both in types of interventions, types of outcomes reported and lack of reporting standard, we were unable to combine data for meta-analysis.
Dealing with missing data-For missing or ambiguous data, authors of the studies were contacted both at eligibility assessment and data abstraction stages. We received responses from all except one of the authors contacted (7/8).
Results
Description of studies
Results of the search-As at January 2010 we obtained a total of 255 unique reports by our search strategy (see Figure 1) . A total of 240 records were eliminated at screening, leaving 15 eligible reports that were examined in detail for eligibility assessment (full text obtained). Of the 15 reports, 11 reports of 10 independent studies were excluded and the remaining four reports detailed three suitable studies eligible for this review (RotheramBorus 2003 , Slesnick 2005 , Slesnick 2008 ).
Included studies-See characteristics of Included studies table.
Three randomised controlled trials meeting the eligibility criteria for this review are included in this review: All three trials were performed in the United States of America and recruited substanceabusing male and female adolescents through runaway shelters into randomised controlled trials of independent and non-overlapping behavioural interventions. In all three trials, youth participants (or shelters in the case of one cluster-randomised trial, Rotheram-Borus 2003) were randomised to an intervention or a comparison control group that received the standard of care at that trial site at that time.
The three trials differed in theoretical background, delivery method, dosage (number of sessions,) content and outcome assessments. Additionally each differed in target group: one study targeted the individual, one targeted homeless youth in small groups and one study targeted individuals in their family context. All three trials included self-reported measures of sexual risk behaviour as outcomes but did not include any biological (primary outcome) measures of HIV/STI prevalence or incidence (not reported either at baseline or at intervention assessment). While each trial included HIV prevention messaging, the primary outcomes for each trial included other non sexual-risk behavior related measures of substance use, HIV knowledge, psychological/ individual functioning and family functioning. These additional outcomes are not included in this review.
We also identified three eligible ongoing studies, shown in the STRIVE 2004-9) has been completed but data were not available for inclusion in this review. The other two trials are due to be completed in 2011 (Nyamathi 2008-11) and 2014 (Nyamathi 2009-14) . None of the trials measure HIV incidence as an outcome but do measure baseline HIV prevalence (Nyamathi 2009-14) or HIV-risk behavior (Nyamathi 2008 -11, STRIVE 2004 .
Excluded studies-See characteristics of Excluded studies table.
We excluded a total of 10 studies (detailed in 11 reports) which were of potential relevance but due either to ineligible study design (four studies 
Risk of bias in included studies
See Risk of bias in included studies.
In general, the included studies had significant risk of bias (see Figure 2 , Figure 3 ).
All three trials have significant reporting (owing to incomplete outcome reporting) and attrition bias (owing to significant and differential follow-up rates in intervention and control arms). Furthermore the outcome assessment was performed by self report by unblinded participant, there is a significant, but arguably unavoidable, risk of detection bias.
The Streetsmart intervention had significant risk of selection and performance bias as, while it involved cluster randomizations, no adjustments for clustering/ intra-cluster correlations were reported and randomizations failed to ensure baseline similarity in exposures between intervention and control shelters (propensity scores were however used to try to achieve post-randomization baseline comparability for analysis). Additionally, the Street Smart intervention was not adequately powered for the outcomes of interest.
Effects of interventions
Due to the heterogeneity and non-traditional types of and reporting of outcomes, we were unable to calculate individual effect measures for outcomes and unable to estimate summary measures of effect. Further, the variability in intervention type precludes meta-analysis. Thus we present descriptive information for each trial.
None of the included trials reported protocol-specified primary outcomes of this review. In the Street Smart trial, three sexual behaviour outcomes were assessed at 3-,6-12-,18-and 24-months post intervention and reported separately and (graphically only) for males and females (not clearly prespecified) after adjustment for baseline differences by the use of propensity scores (but not for intra-cluster correlation). The outcomes assessed were the total number of sexual partners, the number of unprotected sex acts and abstinence from vaginal or anal sex. We were unable to obtain data to calculate effect sizes or convert reported outcomes to standard outcome measures (RR or weighted mean difference with 95% confidence intervals) for reported outcomes. Based on reported outcomes in female participants, changes were reported for the number of sexual partners at 24 months (geometric mean number of sex acts in intervention 0.68 times that in control participants, 90% CI 0.47-0.98, p<0.10), the frequency of unprotected sexual acts at 3 months (geometric mean frequency of unprotected sexual acts in intervention 0.29 times that in control participants, 90% CI 0.10-0.83, p<0.10) and 24 months (geometric mean frequency of unprotected sexual acts in intervention 0.35 times that in control participants, 90% CI 0.17-0.71, p<0.05) and abstinence from unprotected vaginal and anal sex at 18 months (odds of being abstinent in the intervention 2.41 times that in control participants, 90% CI 1.04-5.58, p<0.10). In male participants, no significant effects for any of the sexual behaviour outcomes were reported at any timepoint.
In the EBFT trial, three sexual behaviour outcomes were assessed at 3-,6-and 12-months post intervention. The outcomes assessed were an index of risk based on seven questions (see included studies table), reported condom use and anal sex. No significant effects on sexual behaviour outcomes assessed were reported. Participants in this trial reported relatively low HIV risk behaviours (summarised as approximately 1.4 out of seven for both intervention and control groups on the HIV risk behaviour scale employed).
In the trial of CRA, three sexual behaviour outcomes were assessed at 3-and 6-months post intake. The outcomes assessed were the number of different sexual partners within a 24 hour period and within the last 3 months, and the frequency of condom use. Effects on condom use were reported using a numeric mean of self-reported condom use measured on a Lickert scale (scale: 1 to 5) in sub-analyses by age group (higher in intervention vs. control participants).
Discussion
Summary of main results
This review highlights the paucity of well-conducted randomised controlled trials of interventions to modify sexual risk behaviour for preventing HIV in homeless youth. We found three trials fulfilling the eligibility criteria for this review, but were unable to estimate a summary of effect measure for any of the outcomes for this review due to variability in outcomes assessed and intervention type. None of the three included trials measured or report biological (primary) outcomes. The limitations in the trials preclude assessment of their impact on modifying sexual risk behaviour. Nonetheless there are several studies in progress (see Characteristics of ongoing studies) that may add evidence to this critical area.
Overall completeness and applicability of evidence
We included three trials in this review enrolling a total N=615 participants; the paucity of trials is not compensated for by the sample size of the trials. While the participants included were youth, they were limited to urban youth residing in American cities; these may not be applicable to other types of homeless youth, or homeless youth living under different conditions and with different exposures. The interventions tested represent a small sample of the variety of behaviour-change interventions that have been evaluated for HIV (Padian 2010) or other conditions (Fisher 2000) . Finally, while the trials included here assessed some outcomes relevant to sexual risk behaviours, none assessed or reported biological markers of sexual risk behaviour (pregnancy/STI's or HIV acquisition). Similarly, the trials included did not assess or report measures of sexual risk behaviour consistently making it inappropriate to pool data for summary measures of effect.
The studies identified in this review are inadequate to permit evaluation and summary of the effectiveness of interventions for modifying sexual risk behaviours for preventing HIV in homeless youth.
Quality of the evidence
The body of evidence identified does not permit robust conclusions on the impact of interventions to modify sexual risk behaviour in homeless youth. We assessed these studies to be of low quality (per the GRADE approach) and to have high risk of bias in view of limitations in design and implementation, imprecision of results, and high probability of reporting, attrition, detection, selection and performance bias.
Potential biases in the review process
This review is robust to quality of design and conduct of studies. We chose to include studies which did not report on the outcomes of interest and were able to obtain these data from authors. Since study quality was not an eligibility criterion, this study is also unlikely to exclude studies based on quality measures.
The major limitation in this review is the inability to estimate summary effect measures or to report on primary outcomes of sexual behaviour change; the trials included reported selfreported behaviours only.
Agreements and disagreements with other studies or reviews
This review is not the first review of interventions to modify sexual risk behaviour in homeless youth, however its systematic approach differentiates it from three narrative reviews that include the subject Badiaga 2008; Crane 1992) and account for the differences in study inclusion, results and conclusions. In Arnold and Rotheram-Borus' recent review of prevention programs for homeless youth ), they included six HIV prevention studies (three of which are included in this review, two are excluded due to design-Gleghorn 1997; Arnold 2007, and one included though ongoing) and assessed each study by a framework they had previously developed in order to summarise the robust components of interventions for homeless youth. From the evidence assembled in this review, the basis for conclusions on robust elements is weak as there is scant evidence of successful interventions to modify sexual risk behaviour for preventing HIV in homeless youth. In Badiaga and colleagues' review of transmissible diseases in homeless of any age (Badiaga 2008) , they review the rationale for interventions to prevent HIV, and highlight one intervention targeting homeless youth (Rotheram-Borus 2003) that is included in this systematic review. Crane and Carswell in their early review (Crane 1992), reviewed nongovernmental organization-based prevention projects aimed at prevention of sexuallytransmitted infections and HIV in street children. They report on several NGO-based non-randomised controlled interventions that provide service to homeless children. This review did not distinguish between the type of organization that performed the prevention project but aimed to assemble the evidence for interventions to modify sexual risk behavior in homeless youth that have been rigorously evaluated.
In addition to narrative reviews that have focused on homeless youth, there have been several systematic reviews and meta-analyses of behavioral interventions to reduce HIVrelated sexual risk behaviour in defined populations excluding homeless youth (reviewed in Noar 2008). These include systematic reviews and meta-analysis of behavioral interventions to prevent HIV in adolescents (Mullen 2002 , substance abusing individuals (Prendergast 2001 , Semaan 2002 and Copenhaver 2006 , and individuals with severe mental illness (Johnson-Masotti 2003) . Importantly, these reviews highlight the feasibility of bringing about behaviour change. Hence, these reviews enable assessment of what factors characterise effective interventions (see Noar 2008) in populations that share similar characteristics (high rates of substance abuse, mental illness and being adolescents) to homeless youth: such as having a separate approach to participants of different race and gender, including skills-training and having a theory-based component to interventions. These characteristics may also prove to be important moderators of effectiveness in modifying sexual risk behavior for preventing HIV in homeless youth, but this systematic review is unable to draw conclusions in this regard.
But sexual risk behaviour, particularly when assessed by self-report, is an imperfect correlate of HIV incidence. This underscores the need for HIV prevention efforts to be evaluated in trials with HIV incidence as a directly measured outcome, at least where possible and until we have superior proxy measures for HIV risk. How to prevent HIV remains a major challenge not just in homeless youth but in general; of 37 randomised controlled trials with HIV incidence as the primary or secondary outcome, only 5 trials-three of circumcision (Auvert 2005 , Bailey 2007 , Gray 2007 , one of STI treatment and care (Grosskurth 1995) , and one vaccine trial(Rerks-Ngarm 2009)-have shown any positive effect (none were behavioural interventions) (Padian 2010). In addition, only three HIV prevention trials with HIV incidence as an outcome have been performed in adolescents (Ross 2007 , Cowan 2008 , Jewkes 2008 , and none have shown any effect thus far. Nonetheless, Padian and colleagues in their review state that " lack of statistical power, poor adherence, and diluted versions of the intervention in comparison groups may have been important issues for the other trials that demonstrated 'flat' results". Similarly, we believe that the lack of effective trials reported in this review need to be seen not just in the light of the unique challenges of working with homeless youth, but also the challenge of conducting robust clinical trials.
Authors' conclusions Implications for practice
The body of evidence from this systematic review limits robust conclusions on implications for practice. The reported success of the interventions in bringing forth some level of change in risk behavior i.e. a decrease in number of sexual partners and or unprotected sex acts should be viewed with caution. The unintended outcomes of the trials namely to retain sufficient participants for post intervention measures among this very mobile population, in particular for a 24 month period as reported in the Street Smart trial, might be a viewed as a significant outcome that is likely to facilitate other health promoting behavioural change. We believe that the CDC's current policy (C:\Users\caprisa\AppData\Local\Microsoft \Windows\Temporary Internet Files\Content.Outlook\HCPXEC3U\DEBI Factsheet 08\09) of supporting the Street Smart approach may need re-examination in view of teh body of evidence presented here. More research is required before practice may be changed based on proven interventions in homeless youth.
Implications for research
This review highlights the high HIV risk in this population and paradoxical paucity of robust randomised controlled trials to evaluate the effectiveness of HIV prevention programmes among homeless youth and underscores an urgent need for more updated risk factor analysis to inform design and implementation of future trials targeting this population (Cohen 2010).
Coupled with the growing rates of homelessness amongst orphaned youth in AIDS endemic regions, the UNAIDS mantra of 'know your epidemic' underscores the importance of continued research to monitor homeless youth and their HIV risk and prevalence so that tailored interventions may be robustly evaluated. While the psychosocial and contextual factors that fuel sexual risk behaviours among homeless youth challenge the stringent methodologies of RCT's, novel interventions (e.g.. cash transfers or social security interventions, (The World Bank 2010)) and ways for program delivery and trial retention are in need of further development. Strategies to increase retention may include alternative ways of compensating for visits or increasing financia compensation. Future trials should endeavour to comply with rigorous methodology in design, delivery, measurement of risk behaviours and reporting. Using outcome measures that are common across clinical trials may permit fair comparison of various interventions in different populations, and future studies should consider using outcomes based on a common set of standardized outcome measures (for example, indicators for monitoring and evaluating national HIV/AIDS prevention programmes for young people (WHO 2004)). In particular, self-report of risky sexual behavioural change should be supported by biological markers i.e. HIV or STI prevalence and incidence rates where possible as these are more direct measures of effectiveness of interventions to prevent HIV, and may be feasible given the high incidence of HIV amongst homeless youth. Responsibility to ensure that interventions studies are designed and conducted to the highest standard is balanced by reponsibility sponsoring agencies have to provide resources to conduct these types of studies. The results of three ongoing and potentially eligible studies will be a useful addition to this review.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Characteristics of included studies
Rotheram-Borus 2003
Methods
Cluster randomised controlled trial (start and end dates not reported).
Participants
Four shelters in two clusters constituting a total of 311 runaway youth (11-18 years age, 49% female) admitted to one of three runaway shelters in New York City, USA or one runaway shelter in New Jersey, USA. The ethnicity of participants were: African American (59%), Hispanic (26%)and white/other (15%). The HIV status of participants was not assessed/reported.
Interventions
Intervention: Street smart (2 shelters with a total of 167 youth) Control: 'Current field practice' (2 shelters with a total of 144 youth) Theoretical underpinnings of intervention: This intervention was based on social learning theory which holds that behaviour change can be effected by observational learning in a social context, imitation and overt reinforcement. The Streetsmart intervention addressed four components: training shelter staff in HIV education and counselling, providing training sessions for youth on social-skills training, making condoms available and providing access to health resources. Delivery, dosage and content of intervention Intervention was delivered in 10 small-group sessions over an approximately three week period (3 days/ week). Sessions were led by a researcher and a shelter employee both trained in a 10 day training program run over 6 weeks preceding the study. All staff working at shelters (inclusive of cooks, social workers, security guards and shelter directors), in the intervention cluster received training. Each session started with exchanging compliments and reporting successes in HIV-prevention goals set at previous meetings followed by an overview of that sessions contents, and completed with delivery of actual content of the session including activities. and development of new goals and homework. The content of each session covered i) general and personal knowledge of HIV (including video and art workshops and role-play), ii) social-skills training (assertiveness, coping skills, use of the 'feeling thermometer' to identify emotional states in situations with HIV risk, and self-regulation skills to control feelings of anxiety, depression, anger and desire) and iii) addressing individual barriers to safer sex (delivered in private counselling sessions). Youth attending the sessions were rewarded with food at randomly selected sessions and USD1 for carrying a condom and arriving on time.
The number of sessions received per youth highly correlated with length of stay in shelters. The mean number of sessions received was 9.2 (SD=6.13, range 1-28 sessions). Length of stay was longer at one shelter (4-6 weeks and youth completed the intervention i.e. at least 10 sessions). Condoms were made freely available in intervention shelters.
Residents of intervention shelters made a weekly trip to an agency providing health and social services to youth. Details on control Current field practice consisted staff HIV education training but no systematic introduction of HIV prevention information to youth. HIV prevention activities occurred when staff provided individual counselling to youth and reviewed HIV prevention guidelines (e.g. condom use).
Outcomes
Sexual risk acts were evaluated through a 45-min structured interview at baseline, 3-,6-,12-, 18-and 24-months post intervention with each individual study participant by a staff interviewer not aware of the intervention status of the individual. During the interview participants reported the number of partners, specific sexual acts and whether condoms were used during each act. Three indices were calculated and reported:
• total number of sexual partners,
• the number of unprotected sex acts and,
• abstinence from vaginal or anal sex.
Outcomes were reported graphically for males and females separately and as ratios of the means for the number of sexual acts, frequency of unprotected acts and as odds ratios for abstinence from unprotected sexual acts. Free of other bias? no Intervention and control groups differed significantly at baseline (randomizations by shelter failed to eliminate bias adequately). Propensity scores were used to adjust for differences at baseline prior to data analysis. While cluster randomizations was conducted, no control for cluster effect was reported and outcomes were reported as for randomizations at the individual level. Per protocol assessment reported (youth who rotated through other shelters were excluded from analysis). Intention to treat would have been preferred. Outcomes were presented for males and females separately. It is unclear whether this stratification was pre-specified or not. This study was significantly underpowered (And was designed as such as it would not have been feasible to have conducted a powered study).
Notes
Slesnick 2005
Methods
Randomised controlled trial (start and end dates not reported)
Participants 124 substance-abusing adolescents (12-17 years age, 59% female, 52% enrolled in school) referred from one of two runaway shelters in New Mexico, USA after a runaway episode with a history of at least 10 days of substance use in preceding 90 days, fulfilling criteria for at least one DSM-IV psychoactive substance use disorder and living within 60 miles of the two runaway shelters through which they were recruited. In addition, a parent/surrogate willing to participate was an inclusion criteria. Potential participants whose primary drug of abuse was alcohol were excluded, as were participants with unremitting psychosis or adolescents with no option to return to their home. The ethnicity of the participants were: Anglo (n=46), African American (n=9), Hispanic (n=51), native American (n=5) and other (n=13). HIV status of participants were not reported. Sexual orientation of participants were not reported. The HIV status of participants was not assessed/reported.
Interventions
Intervention:Ecologically based family therapy (EBFT) (n=65) Control: Treatment/service as usual (n=59) Adolescents in both the intervention and control arm were free to obtain outside treatment. Theoretical underpinnings of intervention: This intervention was based on the homebuilders family preservation model based on crisis intervention theory (families are most open to change when in a crisis). A multisystemic treatment approach as per the multisystemic treatment model (behavioral problems in runaway youth are multiply determined and best addressed by multiple layers of interventions) was adopted here i.e.. approaching adolescents and parents individually first, then together, then approaching the extended family and involving other key roleplayers in the life of the adolescents. Techniques including cognitive-behavioural therapy and behavioural family therapy were used. Delivery, dosage and content of intervention Intervention was delivered in four phases over 15 sessions by therapists trained in behavioural, cognitive and environmental interventions. Four sessions focusing specifically on HIV prevention were incorporated in the first phase of intervention when the individual adolescent was engaged. The number of sessions in each phase of intervention and the detailed content were not reported but could be grouped into four phases:
Phase 1: Individual sessions (number not reported) in which adolescents and parents were separately seen with the aim to engage and motivate each for discussion and identifying issues that may have initiated the runaway episode. Attempts were made to develop parents readiness to accept a new relationship with the adolescent and competencies in parenting.
Phase 2: 'Family session' targeting specific dysfunctional interactions which correspond to the development and continuation of problem behaviours in which the adolescent and their parent figure are seen together.
Phase 3: Key role-players are involved (siblings, extended family members etc.)
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The HIV prevention intervention was based on an intervention (Becoming a Responsible Teen B.A.R.T) covering AIDS education and assessment of risk, risk reduction and skills practice, sexual assertiveness and practicing negotiation as well as behavioral self-management and problem-solving strategies. Delivery, dosage and content of intervention Intervention consisted an integrated set of 12 CRA sessions and four HIV prevention sessions. each session lasted about 50 minutes. The HIV sessions were delivered after the 2 nd CRA session, where convenient the HIV sessions were scheduled in the same week as the CRA session. The CRA sessions were delivered by trained therapists as follows, and incorporated role plays and homework :
Session 1: Rationale for CRA approach explained to adolescent Session 2: Development of a tentative treatment plan in active collaboration with the youth.
Sessions 3-12: Therapists follow CRA treatment strategies using core procedures and optional treatment modules based on client needs based on a CRA manual.
The HIV prevention sessions and their content is as follows, and incorporated role-plays:
• Session 1: AIDS education and assessment of risk. Abstinence and other ways at lowering HIV risk are addressed.
• Session 2: Risk reduction and skills practice including condom use practice on a model and cleaning hypodermic needles.
• Session 3: Sexual assertiveness including practice of negotiation. in three contexts: initiating discussion about condoms in advance, refusing pressure to engage in unprotected sex and refusing pressure to share needles.
• Session 4: Behavioral self-management and problem solving strategies including discussion of previous episodes in which the youth conceded to unwanted pressures.
All sessions include role play. Details on control Treatment as usual consisted the standard extant care at a homeless persons drop-in centre including a place to rest during the day, food, showers clothing and case management that linked youth with community resources at the youth's request.
Outcomes
HIV risk behaviour assessed at baseline, 3-and 6-month post intervention, as composite score of high-risk behaviours (out of 7),
• number of people having sexual intercourse,
• frequency of sexual intercourse,
• frequency of condom use (ranked on a Likert scale from 1-never to 5-always but reported as continuous variable),
• number engaged in casual sex,
• number has sex with more than one partner in last 24 hours,
• number had sex with high risk partner, number engaged in anal sex,
• number engaged in survival sex.
Outcomes obtainable from authors and eligible for inclusion in this review were: number of participants having sexual intercourse, and the frequency of condom use. 
Notes
Risk of bias
